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(57) Abstract 

A pigment powder which, without the 
use of a dye and a pigment, can color a light 
substrate powder and can be dispersed in a 
fluid to design a single color "pigment for a 
color ink of blue, green, yellow or the like and 
a filler for plastic and paper and has a stable 
hue. A material powder for color cosmetics 
which can design a single color powder for 
mascara and eyebrow pencil and can absorb 
ultraviolet and infrared rays harmful to the 
skin. A light powder which can be dispersed in 
a fluid to . prepare a material for an 
electrorheology fluid, particularly a F material for 
a color fluid. A multilayer coated powder 
comprising a powder nucleus particle (1) 
having a specific gravity of 0. 1 to 10.5, such as 
an acrylic resin particle or an inorganic hollow 
particle and a plurality of thin coatings (such as 
a titanium dioxide layer, a titania layer, a 
polystyrene layer, or a metallic silver layer) 
(2,3) provided on the surface of the nucleus 
particle (1), the thin coatings being different 
from each other in refractive index. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP97/01939 



I. Basis of the report 



^ H ff bee " r raWn ° n thC b3SiS ° f ( Re P' aceme "' *"°ets which have been furnished to the receiving Office in response to an invitation " 
underArttcleUarereferredtointhisreport as -originally filed- and are not annexed to the report since^ydo ZZZarZ^nZ 



| | the international application as originally filed. 

the description, pages 8,12-19 ^ originally filed, 

P a 8 es __ ' , filed with the demand, 

pages 1-4,4/1,5-7,9- fl i ed with me Ietter of 
11,11/1,20,24 

P a g es _ ■ filed with the letter of 



06 February 1998 0)6.02 19QS) 



the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



1-7 



9-12 



_ , as originally filed, . 
_ , as amended under Article 19, 
. , filed with the demand, 
. , filed with the letter of 
. , filed with the letter of 



06 February 1998 0)6.02. 199ft) , 



the drawings, sheets/fig 
sheets/fig , 
sheets/fig m 
. sheets/fig m 
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. , as originally filed, 
. , filed with the demand, 
. , filed with the letter of 
, , filed with the letter of 



2. The amendments have resulted in the cancellation of: 
^] the description, pages 21-23.25 
1X1 the claims, Nos. 8 



□ 

the drawings, sheets/fig 



l~| This re P ort to* been established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

4. Additional observations, if necessary: ' ' * '■ 



Form PCT/IPEA/409 (Box I) (January 1994) 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP97/01939 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims \ t 2 YES 

Claims 1-7,9-11 NO 

Inventive step (IS) Claims YES 

Claims 1-7,9-12 NO 

Industrial applicability (I A) Claims 1-7,9-12 YES 

Claims NO 



2. Citations and explanations 

The subject matter of claim 1 lacks novelty because it is described in document 1 [JP, 60-169412, A (Shiseido 
Company, Limited) 2 September 1985 (02.09.85), claims, lines 4-17, upper left column, page 2], document 2 [JP, 2- 
16044 A (Flex Products, Inc.), 19 January 1990 (19.01.90), claims], document 3 [JP, 3-120351, A (Seikosha Co., 
Ltd.); 22 May 1991 (22.05.91), claims, line 2 in upper right column of page 3 to line 2 in lower left column of page 
3], document 4 [JP, 4-168163, A (Aisin Chemical Co., Ltd., Toyota Motor Corporation), 16 June 1992 (16.06.92), 
claims, line 18 in upper right column of page 2 to line 6 in lower left column of page 2], document 6 [JP, 44-3083, B 
(Zaidan Hojin Oyo Kagaku Kenkyusha), 8 February 1969 (08.02.69), claims, line 22 in right column of page 2 to 
line 3 in left column of page 3], document 7 (JP, 58-177911, A (Shiseido Company, Limited), 18 October 1983 
(18.10.83), claims, line 19 in lower left column of page 2 to line 13 in upper left column of page 3], document 8 [JP, 
1-158077, A (Shiseido Company, Limited), 21 June 1989 (21.06.89), claims], document 9 [JP, 3-93898, A 
(Mitsubishi Kasei Corporation), 18 April 1991 (18.04.91), claims, line 3 in upper right column of page 2 to line 3 in 
lower left column of page 2], cited in the ISR as well as the newly cited document 10 [JP, 5-230394, A (Kao 
Corporation), 7 September 1993 (07.09.93), claims, working example 1 (Family: none)] and document 11 [JP, 7- 
1 13053, A (Sakai Chemical Industry Co., Ltd.), 2 May 1995 (02.05.95), claims, working example 1 (Family: none)]. 

The subject matter of claims 2 and 3 lacks novelty because it is described in documents 1 to 4, 6, 8, and 9 cited in 
the ISR as well as the newly cited documents 1 0 and 11. 

The subject matter of claim 4 lacks novelty because it is described in documents 4 and 9 cited in the ISR. 

The subject matter of claim 5 lacks noveity because it is described in documents 6 to 9 cited in the ISR. 

The subject matter of claims 6 and 7 lacks novelty because it is described in documents 1 to 4 and 6 to 8 cited in the 
ISR as well as the newly cited document 10. 

The subject matter of claims 9 and 10 lacks novelty because it is described in the newly cited document 10. 

The subject matter of claim 1 1 lacks novelty because it is described in the newly cited document 1 1 . 

The subject matter of claim 12 does not appear to involve an inventive step in view of documents 1 to 9 cited in the 
ISR as well as the newly cited documents 10 and 11. Those skilled in the art can easily set the thickness of coating 
layers. 
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(54) MULTILAYER COATED POWDER 

(57) A pigment powder of a stable color tone which 
comprises a lightweight base particle and is capable of 
being colored without using a dye or pigment and with 
which not only a pigment for monochromatic color inks, 
e.g., blue, green, or yellow inks, can be obtained by dis- 
persing the pigment powder into a fluid, but also a filler 
for plastic&faapers can be designed; a powder for use 
as a material for color cosmetics which is a powder with 
which monochromatic colored powders, such as mas- 
caras or eyebrow pencils, can be designed and which is 
capable of absorbing ultraviolet and infrared rays harm- 
ful to the skin; and a lightweight powder which, when 
dispersed into a fluid, can give a material for an electror- 
heological fluid, in particular, a colored powder capable 
of giving a material for a colored fluid. These powders 
each is a multilayer-coated powder comprising powder 
particles each comprising a nuclear particle 1 having a 
specific gravity of 0.1 to 10.5, e.g., an acrylic resin par- 
ticle or an inorganic hollow particle, and having on the 
surface thereof plural thin coating layers 2 and 3 which 
are different in refractive index (titanium dioxide film, 
titania film, polystyrene film, silver metal film, etc.). 
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[0001] The present invention relates to a multilayer-coated powder and a pigment, material for a cosmetic and pow- 
der for use in an electrorheological fluid each comprising the multilayer-coated powder. More particularly, this invention 
relates to a pigment powder for use in a color ink and as a filler for plastics/papers; a material for color cosmetics which 
comprises a lightweight powder; and a powder for use in an electrorheological fluid having excellent voltage responsive- 
ness which can rapidly and reversibly change its apparent viscosity by the action of applied voltage (on/off voltage 
change), can change into even a gel state showing no flowability, and is thought to be used in applications such as 
clutches, valves, dampers, brakes, shock absorbers, and ctuators. The present invention furthermore relates to a pow- 
der whose electrorheological properties are utilized and which is usable as marker particles for examining the flowing 
state of a fluid based on the properties of the powder, e.g., as a tracer for determining a flowing state by the laser Dod- 
pler method. K 
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BACKGROUND ART 

[0002] The present inventors previously invented a powder comprising a base particle of a metal or metal compound 
and havmg thereon a metal oxide film which has an even thickness from 0.01 to 20 urn and in which the metal contained 
therein is different from the metal constituting the base particle in order to provide a powder which combines properties 
inherent only in the metal particle or. metal compound particle with other properties so as to have a combination of func- 
tions (Unexamined Published Japanese Patent Application No. 6-228604). The present inventors further improved the 
above powder and invented a powder comprising a base particle having not a single layer of a metal oxide but plural 
layers of a metal oxide film and a metal film alternatively (Unexamined Published Japanese Patent Application No. 7- 
90310). 

[0003] For producing these powders, it is necessary to form plural metal oxide films each having an even thickness 
over a base particle. Since it is difficult to deposit a metal oxide orametal compound as a precursor therefrom an aque- 
ous metal salt solution, the present inventors developed a method which comprises dispersing the base particle into a 
metal alkoxide solution and hydrolyzing the metal alkoxide to thereby form a metal oxide film on the base particle Due 
to this method, it has become possible to form a thin metal oxide film which is even in thickness and, in particular the 
formation of a multilayered metal oxide film has become possible. , 
[0004] Attempts were made to use these multilayer-coated powders as powders combining properties inherent only 
in given a base particle with other properties so as to have a combination of functions, mainly in applications, such as 
pigments, materials for cosmetics, and powders for use in electrorheological fluids. 

[0005] In connection with the powders for use in electrorheological fluids (ERF), it is noted that an electrorheological 
fluid, which is called also an el ectroviscous fluid or elecboresponsive fluid, is a functional fluid which usually is in a liquid 
steteshcwngflowability but which, upon application of a high vol^ 
can finally change into a gel state showing no flowability. 

[0006] Proposed so far as such fluids are a certain kind of polymer solution and suspensions of various particles 
However, the former fluid does not sufficiently perform functions of an electrorheologrcal fluid because the viscosity 
increase thereof with increasing applied voltage is smali. Investigations have hence beenmade mainly on the latter flu- 
ids of the particle dispersion type. This is because ERFs of the particle dispersion type show a relatively satisfactory 
viscosity increase with increasing applied voltage (Winslow effect) as compared with the polymer solution type 
[0007] Inadentally, the particulate materials which have been known as particles to be dispersed into oily media to 
prepare electrorheological fluids include inorganic and organic substances, such as silica, ion-exchange resins barium 
titanate, hydrous phenolic resins, crystalline zeolites, cellulose, starch, and soybean casein (Examined Japanese Pat- 
ent Publication No. 45-10048, Unexamined Published Japanese Patent Application No. 48-17806, Examined Japanese 
Patent Publication No. 58-32197, Unexamined Published Japanese Patent Applications Nos. 58-179259 63-185812 
and 4-89893, etc) 

[0008] Furthermore, since inorganic substances have a high ERF effect and polymer particles have satisfactory dis- 
persibilrty, it has been proposed to deposit fine particles of an inorganic substance on tiie surface of polymer particles 
to form an inorganic/organic composite two-layer structure to thereby give a powder for use in an electrorheological fluid 
(Gekkan Tribology, Aug. 1994 issue, p.24). 

[0009] However, for use in inks, the powders comprising a metal or metal compound as a base have a problem that 
the powder particles are apt to precipitate in the liquid before use because of their large specific gravity and are difficult 
to disperse evenly. For use as a powder for inks, a filler for plastics, and the like, the powders should be colored How- 
ever, since use of a mechanochemical method results in pulverization of the pigment itself and. hence, in a reduced pig- 
ment particle diameter and a lighter color, it is necessary to use a dye or the like to color the powders There also is a 
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problem that when the powders are used as a filler for plastics and subjected to kneading so as to be dispersed into a 
resin, then powder particles separate from the shells formed by a mechanochemical method and this may result in a 
color change. 

[0010] With respect to materials for cosmetics, in particular, materials for emulsion-form cosmetics, there is a problem 
s that the powders are difficult to use. In the case of a powder obtained by depositing particles of titanium oxide or the like 
on the particle surfaces of, for example, a resin powder, there is a problem that powder particles separate from the sur- 
face coating shells during use to cause a color change. 

[0011] Furthermore, the inorganic/organic composite type powder for ERFs, among the prior art techniques 
described above, has the following problem because of its characteristic structure, which comprises polymer particles 
10 (cores) having satisfactory dispersibility and fine particles of an inorganic substance deposited on the surface of each 
polymer particle. Namely, in a powder obtained by depositing fine particles of titanium oxide or the like on the surface 
of each resin powder particle, there are cases where powder particles covering the resin powder particles separate 
from the resin particles during operation. 

[0012] In order that particles for use in electrorheological fluids be used as a powder for color printer inks, color dis- 
15 plays, or the like, the particles should be colored. However, none of the conventional electrorheological fluids has not 
been colored. If a colored electrorheological fluid is obtained, it can be used in printers, such as Hertz type printers (see 
C.H. Hertz et al., Agui Takeshi et al., "Real Color Hard Copy", Sangyo Tosho K.K., published on Oct. 8, 1993, p. 56). 
[0013] Consequently, an object of the present invention is to eliminate these problems and provide: a pigment powder 
of a stable color tone which comprises a lightweight base particle and is capable of being colored without using a dye 
20 or pigment and with which not only a pigment for monochromatic color inks, e.g., blue, green, or yellow inks, can be 
obtained by dispersing the pigment powder into a fluid, but also a filler for plasticsfcapers can be designed; a material 
for color cosmetics which is a powder with which monochromatic colored powders, such as mascaras or eyebrow pen- 
cils, can be designed and which f is capable of absorbing ultraviolet and infrared rays harmful to the skin; and a light- 
weight powder which, when dispersed into a fluid, can give a material for an electrorheological fluid, in particular, a 
25 colored powder capable of giving a material for a colored fluid. 

DISCLOSURE OF THE INVENTION " v'^: 

[0014] The present inventors made intensive studies. As a result they have found that a powder colored in a stable 
30 tone, such as blue, green, or yellow, can be obtained without a dye or a pigment by forming a thin film comprising plural 
layers differing in refractive index on the surface of a powder to regulate the multilayered film with respect to reflected- 
light interference waveform. The present invention has thus been completed. 
[0015] Specifically, the present invention can be achieved by the following means: 

35 (1) A multilayer-coated powder comprising a base particle having a specific gravity of 0.1 to 10.5 and having ther- 
eon plural coating layers which are different from each other in refractive index; 

(2) The multilayer-coated powder according to the above (1), wherein at least one of the coating layers is an inor- 
ganic metal compound layer; 

(3) The multilayer-coated powder according to the above (2), wherein the inorganic metal compound layer is a 
40 metal oxide film layer; 

(4) The multilayer-coated powder according to the above (1), wherein at least one of the coating layers is a metal 
layer or an alloy layer; 

(5) The multilayer-coated powder according to the above (1 ), wherein at least one of the coating layers is an organic 
layer; 

45 (6) A pigment powder, comprising the multilayer-coated powder according to any one of the above (1) to (5); 

(7) A material for a cosmetic, comprising the multilayer-coated powder according to any one of the above (1 ) to (5); 
and 

(8) A powder for an electrorheological fluid, comprising the multilayer-coated powder according to any one of the 
"above (1) to (5). 

50 

[001 6] In the present invention, the base particle having a specific gravity from 0. 1 to 1 0. 5, which constitutes the base 
of the multilayer-coated powder, is not particularly limited and may be made of either an organic or an inorganic sub- 
stance. The specific gravity of this base is preferably from 0.1 to 5.5, more preferably from 0.1 to 2.8, from the stand- 
points of flowability and susperrsfoifity. If the base has a specific gravity below 0.1 , the buoyancy of the base is so large 
55 that the film should be made to comprise a larger number of layers or to be exceedingly thick, which is uneconomical. 
On the other hand, if the base has a specific gravity exceeding 10.5, a thick film for suspending the base is necessary, 
which also is uneconomical. In addition, in the case of cosmetics and the like, such a powder having too large a particle 
diameter is unsuitable because it gives a sandy feeling. 
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[001 7] For use in a pigment powder or a powder as a material for cosmetics, the base is preferably an inorganic sub- 
stance because it is not influenced by the heat of burning in the step of coating film formation which will be described 
later. On the other hand, for use in a powder for electrorheological fluids, the base is preferably an organic substance, 
e.g., resin particles, from the standpoint of dispersibility into liquids. 

5 [0018] Examples of the resin particles include cellulose powders, cellulose acetate powders, and spherical or pulver- 
ized particles obtained from pot yam ides, epoxy resins, polyesters, melamine resins, pofyurethanes, vinyl acetate res- 
ins, and silicone resins or obtained by the polymerization or copolymerization of acrylic esters, methacrylic esters, 
styrene, ethylene, propylene, and derivatives thereof. Especially preferred resin particles are spherical acrylic resin par- 
ticles obtained by the polymerization of acrylic acid or a methacrylic ester. 

w [0019] Usable as the inorganic substance are inorganic hollow particles, such as Shirasu balloons (hollow silicic acid 
particles), fine hollow carbon particles (Kureca Sphere), fused alumina bubbles, aerosil, white carbon, fine hollow silica 
spheres, fine hollow calcium carbonate spheres, calcium carbonate, pearlite, talc, berrton'rte, micas, such as synthetic 
micas and commonmica, kaolin, and the like. 

[0020] In the multilayer-coated powder of the present i rtvention, the plural coating layers formed on each base particle 
15 having a specific gravity from 0.1 to 10.5 should be different from each other in refractive index. The materials consti- 
tuting these coating layers are desirably selected suitably from inorganic metal compounds, metals, alloys, and organic 
substances. 

[0021 ] These coating layers each is formed as a dense and continuous film, whereby they can have excellent prop- 
erties. 

20 [0022] Typical examples of the inorganic metal compounds which may constitute the coating layers include metal 
oxides. Specific examples thereof include the oxides of iron, nickel, chromium, titanium, aluminum, silicon, calcium, 
magnesium, and barium and composite oxides of these metals, such as barium titanate and lead titanate. Examples of 
the metal compounds other than metal oxides include metal fluorides, such as magnesium fluoride and calcium fluo- 
ride; metal nitrides, such as iron nitride; metal sulfides, such as zinc sulfide and cadmium sulfide; metal carbonates, 

25 such as calcium carbonate; metal phosphates,. such as calcium phosphate; and metal carbides. In particular, silica or 
the like enables the multilayer-coated powder to have satisfactory properties. 

[0023] Examples of the elemental metals which may constitute the coating layers include silver metal, cobalt metal, 
nickel metal, and iron metal. Examples of the metar alloys include iron-nickel alloys, iron-cobalt alloys, iron-nickel alloy 
nitrides, and iron-nickel-cobalt alloy nitrides. 

30 [0024] The organic substances which may constitute the coating layers may be the same as or different from the 
aforementioned organic substances usable for constituting the base, and are not particularly limited. However, resins 
are preferred. Examples of the resins include cellulose, cellulose acetate, pdyamides, epoxy resins, polyesters, mela- 
mine resins, polyurethanes, vinyl acetate resins, silicone resins, and polymers or copolymers of acrylic esters, meth- 
acrylic esters, styrene. ethylene, propylene, and derivatives thereof. 

35 [0025] Although various materials can be used to constitute the coating layers as described above, a suitable combi- 
nation of materials should be selected according to the kind of a pigment or coating material, purposes, the substance 
to be coaled, etc., while taking account of the refractive index of each coating layer. 

[0026] If the powder is for use as a material for cosmetics, the coating layer as the outermost layer should, of course, 
be constituted of a material which is inert to the living body or which at least does not adversely influence the living body. 
40 Typical exajTiplesc^ such rraterialsirKJlude titanium dioxide. 

[0027] Titanium dioxide is thought to be effective also because it has the property of specifically absorbing ultraviolet 
waves. By using a metal film and a titanium oxide film and suitably regulating their film thicknesses, a powder having a 
high reflectance throughout the whole infrared region can be obtained and a UV- and IR-cutting cosmetic can be pre- 
pared therefrom. 

45 [0028] If the coating layers contain one or more organic substance layers, the other layers each is preferably a metal 
oxide film. 

[0029] In the present invention, the organic powder to be coated may have any particle shape. Although particles of 
irregular shapes, such as pulverized particles, can be coated and colored, spherical particles are especially preferred. 
[0030] The particle diameter of the multilayer-coated powder of the present invention is not particularly limited, and 
so can be suitably regulated according to purposes. However, the particle diameter thereof is generally in the range from 
0.01 ixm to several millimeters. If the powder is to be used for coloring as a coloring material based on visible light inter- 
ference, the particle diameter thereof is preferably regulated to 0.06 to 1 ,000 \im. 

[0031] If the multilayer-coated powder is used in an electrorheological fluid, the liquid medium is not particularly lim- 
ited as long as it is an insulating medium and is a high-boiling substance which is liquid under use conditions and has 
55 electrical insulating properties. Examples of commonly used liquid media include petroleum lubricants, transformer oils, 
silicone oils, dibutyl sebacate, chlorinated paraffins, brominated alky Is, alkyl esters of aromatic polycarboxylic acids, 
halophenyl alkyl ethers, and fluorochemical oils. 

[0032] The amount of the powder added to the insulating medium is from 1 0 to 50% by volume. If the addition amount 
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thereof is smaller than 10% by volume, the resultant mixture shows too small a viscosity change with changing applied 
voltage and has insufficient electrorheological fluid properties. Amounts thereof exceeding 50% by volume are undesir- 
able in that the resultant mixture has too high a viscosity in the ordinary state where no voltage is applied and shows 
a thixotropic behavior. ' 

[0033] The unit coating layers constituting the plural coating layers are preferably ones whose thicknesses have been 
determined so that these layers have interference reflection peaks or interference transmission bottoms at the same 
specific ^wavelength: Mae preferably, me thicta^ 
tal film thickness thereof which satisfies the following equation (1): 

N x d = m x A74 (1) 

(wherein N represents a complex refractive index, d represents the fundamental film thickness, m represents an integer 
(natural number), and X represents the wavelength at which the interference reflection peak or interference transmis- 
sion peak appears, and N is defined by the following equation (2): 

N = n + ik j2) 

(wherein n represents the refractive index of each unit coating layer, i represents complex number, and k represents 
extncbon coefficient)), and correcting the actual thickness of the each unit of the coating layers based on the function 
of the Phase shift caused by the extinction coefficient k of refractive index, the phase shift occurring at film interfaces 
and the peak shift attributable to refractive index dispersion arxl particle shape so that the each unit of the ^ 
has an interference reflection peak or an interference transmission bottom at the same specific wavelength as shown 
above. 

[0034] For forming these films, the ( following memods may be used according to the substa^ 
25 ever other methods can be used. '.\ „ - H V p 

(1) Formation of Organic Substance Film (Resin Rim): - P ; ?; 

a. Polymerization in Liquid Phase 
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[0035] Use can be made, for example, of a method in which particles serving as a base are dispersed and emulsion 
polymerization is conducted to form a resin film on each particle., 

b. Film Formation in Vapor Phase (CVD) (PVD) 

(2) Formation of Inorganic Metal Compound Rim: 

a. Solid Deposition in Liquid Phase 

[0036] A preferred method is to disperse particles serving as a base into a metal alkoxide solution and hydrolyze the 
metal alkoxde to thereby form a metal oxide film on each particle. This method can form a dense metal oxide film It is 
also possible to react an aqueous solution of a metal salt to thereby form afilm of a metal oxide or the like on particles. 

b. Film Formation in Vapor Phase (CVD) (PVD) 

(3) Formation of Metal Film or Alloy Film: 

a. Reduction of Metal Salt in Liquid Phase 

[0037] Use is made of the so-called chemical plating method in which the metal salt contained in an aqueous metal 
salt solution is reduced to deposit the metal to thereby form a metal film. 

b. Film Formation in Vapor Phase (CVD) (PVD) 

[0038] A metal film can be formed on the surfaces of particles, for example, by the vapor deposition of a metal 
[0039] A method for forming a multilayered film composed of layers of a metal oxide having a high refractive index 
and, alternately arranged therewith, layers of a metal oxide having a low refractive index is explained below in detail as 
an example. First, a base particle are dispersed into an alcohol solution of an alkoxide of titanium zirconium etc A 
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mixed soluton comprising water, an alcohol, and a catalyst is added dropwise to the dispersion under stirring to hydro- 
lyze the alkox.de to thereby form on the surface of each base particle a film of titanium oxide or zirconium oxide as a 
h.gh.refractjve-.ndex film. Thereafter, this powder is taken out by solid/liquid separation, dried, and then subjected to a 
heat treatment. The drying may be conducted by any means selected from vacuum drying with heating, vacuum drying 
and natural dryma n is also possible to use an apparatus, such as a srxay dryer,' in an inert atmosphere while regulLg 
the atmosphere. The heat treatment maybe accomplished by heating the powder at 150 to 1 100°C (when the base oar- 
bde is an inorganic particle) or at 150 to 500'C (when the base particle is not an inorganic particle) for 1 minute to 3 
hours either in air when the coating composition does not undergo oxidation or in an inert atmosphere when the coatino 
rxwTpositorus susceptible to oxidation. Subsequently, the particles having the high-refractive-indexfilm formed thereon 
i are dispersed into an alcohol solution of a metal alkoxide which gives an oxide having a low refractive index such as a 
silicon aitaMde or aluminum alkoxide. A mixed solution comprising water, an alcohol, and a catalyst is added dropwise 
to the resultant dispersion under stirring to hydrolyze the alkoxide to thereby form over the surface of each base particle 
a film of silicon ox,de or aluminum oxide as a low-refractive-index film. Thereafter, the powder is taken out by solid/liquid 
separation, vacuum-dried, and then heat-treated in the same manner as the above. Asa result of the above procedure 
a powder is obtained in which the base particle has. on the surface thereof, two layers comprising a high-refractive^ 
index metal oxide film and a low-refractive-index metal oxide film. Furthermore, the above procedure for forming metal 
aode films is repeated to thereby obtain a powder in which each particle has multiple metal oxide films on its surface 
Smce the powder thus obtained has high-refractive-index metal oxide films alternately arranged with low-refractive 
index metal oxide films as stated hereinabove, it has a high reflectance and high whiteness. 
[0040] For fonring a metal film on a base particle or on a metal oxide film, contact electroplating or sputtering may be 
beside f ^ electroless plating described above. However, the contact electroplating has a dravvback that povvder 
particles nol \m contact with an electrode are not plated, while the sputtering has a drawback that a metal vapor is not 
evenly applied to the powder partides. Namely, the thickness of the coaling formed by either method varies from parti- 
cle to partda In contrast, the method of film formation by electroless plating is preferred in that a dense and even film 
^formed ^ and the film mictaiess .is easy to regulate. The metal film is preferably subjected to a heat treatment after 
film tormanon in the same manner as for the metel, oxide films. 

[0041] If the powder of the present invention for use in an etectrorheological fluid is produced by forming a muKilayered 
nimby m abwe^lescribedm^ 

particle havingasmall specific gravity, the coated partides obtained a>«^ 

Mayer capacitors. Thus, partides having a small specific gravity and large polarization are obtained 

[0042] Furthermore, since a ferroelectric can be used as an interference film for coloring, a powder having a small 

specific gravity and a high relative permittivity can be obtained by forming a muWIayered film comprising a ferroelectric 

In particular, when Alms of barium titanate (refractive index, 1.8-2.3) or PZT (refractive index, 1.7-2.0) are formed as 

h.gh-retactjve-index films to a color base particle based on v.sWe light multiple interference with low-refractive-index 

Urns, then the coated particles are suitable for use as a powder for electrorheological color fluids 

the B p f rtlc,es of * e P 0 *^ obtein ed are spherical, the partides orient instantaneously in an electricf ield with- 
outrotating. If the powder partides have shape anisotropy. the major axes orient parallel to the direction of the electric 

[0044] I In the above-described powder of the present invention, the muKilayered coating has been united as a film with 
the surface of each part.de. When the coating is an electrical conductor, it is susceptible to polarization to have positive 
and negative poles according to the direction of an electric field. H the core for this coating is an insulator, the coated 
particle is symmetrically polarized exactly like a capacitor. 

[0045] The powder of the present invention for use in an electrorheological fluid (ERF) is highly useful. When this pow- 
der is used to form an electrorheological fluid, the fluid can rapidly and reversibly change its apparent viscosity bythe 
action of applied voltage (on/off. voltage change) and can change into even a gel state showing no f lowability. Namely 
an eledrorheological fluid having excellent voltage responsiveness can be formed which is thought to be used in uo- 
cations such as clutches, valves, dampers, brakes, shock absorbers, and actuators. Furthermore, the powder of this 

riH n h^ "/IT T* 8 for 6xaminin9 ** f l<Wrinfl * a ,luid ' 86 a «** *>' determining a flow- 
ing state by the laser Doppler method. 

[0046] The preseminvemionwni be explains R , isasedional 

view diagrammatcally illustrating the structure of a partide of a multilayer-coated powder according to the present 
inventran. The particle comprises a base partide 1 having a specific gravity from 0.1 to 10.5 as a nucleus and alter- 
nately farmed on the surface thereof, two coating layers 2 and two coating layers 3 differing in refractive index from the 

Ih?"' i f s P ec '^' * unct ' on can 06 imparted by regulating the thicknesses of the coating films differing in refractive index 
atternately formed on the surface of each base particle. For example, coating films differing in refractive index are alter- 
nately formed on each base partide so as to satisfy the following equation (1). Namely, films which each is made of a 
substance having a refractive index n and has a thickness d corresponding to m (integer) times the value which is one- 
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fourth a wa^englh of visible light are formed in an appropriate thickness and number. As a result the light having * 
specif* wavelength x (the light utilizing Fresnel's interference reflection) is reflected or absorbed 



nd = mX/4 ^ 
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15 



^ , TV" ° X,de hayi " 9 a * ,k * nes8 **« refractive index 38 •<> M*sfy equation (1) 
* res P«* ^ a wavelength of visible light is formed on the surface of each base particle and thSS Zed 

::L a T£ e t ha ^^ 

tothe^yform^whchhaveacharacteristicrefl^ 

me above procedure, the sequence of material deposition for film formation is determined in the fo!Z™ n e r 
When the base hasahigh refractive ^ex. a film having alow refracflveWex is preferably 
the reverse case, a film having a high refractive index is preferably formed as the first layer * 
* 1 ^' m « ^^f 88 fe oontrol,ed b 85 ® 11 on * meaBurement in which the change of optical film thickness which is 

ptotom^o^ 
r^ed waveform.^ 

m^Ei!^? T ***** ,here0, m h '«^ •» Mme P 05 * 011 » shown in Fig 3. a moncxSo- 
20 ra™ u ""^ a °- 8 blUe ' ° reea ° f yellOW po "" dar ' °" * W**" ^ "sing a dye or pigment 

'T 9 ! 'n the case of an actual powder, a desio^ should be ma* while taWr« account J 'tKclediam- 

nd.thepeaksh.ftattr^^ etc. Fof example HtebBsanrtUa 

* i " C a ! Uding the **• 0 ) in ***» " has been replaced wHh £££ 

ESS ^ ^^JW- -^W" film is «•***. extinction coefficient k is included in the refractive 
index N of the metal defined by equation (2) even though the particle shape is a plane parallel plate shape In the caS 
of transparent oxides (dielectrics). K is exceedingly small and negligible P"»"PW»«apa in me case 
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N = n+iic , j 2 ) 
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(i represents a complex number) 

[0050] When the extinction coefficient x is large, an enhanced phase shift occurs at the interface between the film 

[0051] Because of the above, the mere regulation of geometrical film thicknesses results in different peak oospore 
and. hence. ,n a ighter color especially in monochrorr^ 

r r^ssr ^ — — " ?- • *•-« -~ p rs: t 

Kne SilSJSS^ T™* SUCh 88 ^ * a spherical interference «« simil ^y to that 
^ESSSL £ ^ aCCOrdanCe Wilh Fr6Snel ' S intert6rence princ * le - Consequently, a coloring method 
can be designed so as to produce a white powder and a monochromatic powder as shownin Figs 2 and 3 Howwe? 

interference. The resultant interference waveforms are almost the same as on plane plates when the number offihste 

phcatedjn the case of a mulWayered film also, a spectral reflection curve can be designed beforehand based on Res- 
nehnterference through a computer simufction so as to resuft in an optimal <JiZX£5£^ 
pamailar. rfcoatmg films .are formed on the surface of each base parflcle, me fences of a r*ase shW m^ai! 
meMtac. and on all films are taken in a«XH.rt when a design is made beforeh^ 

~ T?- C ° mbina1i0n d mm thickneSSes Furtf ". ^ peak shift caused ^«3eC 
a S tai ""J? 1"" 306 ^ tHe PMk SM attribu,able to *• dependence oTrekSinli 

SS ^thtl^f " ^ aClUal PradUCfi ° n 01 3 deSi9n6d ^ curves * e •*«- to and. in oS 

to J?f ,s u necessar ' to a spectrophotometer or the like, while changing film thicknesses 

^ZSZEZZZ? ^ T a0 " PSate " ***** » at ^ ^ elen ^ in a finli 

target number of films. Also ,f a powder having .rregular particle shapes is colored, interference occurs due to the mul- 
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Mlayered filnr A basic film design is hence made with reference to conditions for an interference multilayered film for 
spherical particles. The peak position for each of unit coaling films constituting the multilayered film can be reaulated 

r^oS^ 

tion peaks or absorpbon bottoms appear at target wavelengths in a final target number of films, while changing film- 

layered f.lm can be regulated. Thus, a powder can be colored in a desired bright tint without using a dye or pigment 
6RIEF DESCRIPTION OF THE DRAWINGS 
[0054] 

is Fig. 1 is a sectional view diagrammatically illustrating the structure of a particle of a multilayer-coated powder 
according to the present invention; numeral 1 denotes a base particle. 2 a coating layer, and 3 a coating layer 

the multilayered film of a powder colored in white. 

20 fhemi!^^ 

so the multilayered film of a powder colored monochromatically. 
BEST MODES FOR CARRYING OUT THE INVENTION 

* ?k PreS8nt inventi0n be explained betow in more detail referenc « k> Examples. However the invention 

as should not be construed as being limited to these Examples only. 

EXAMPLE 1 



30 



Intended use: pigment powder 
First layer: tJtania coating 



Sd£!« t ^^^^^."meter, l. 5M m; specif ic gravity, 1.4) was added 250 ml of eth- 

II„T!1T, ^ f 9 tte T' SOpra ^ e - ThismWur ^ stirred. A solution prepared by mixing 30 ml of eth- 
"ilT W ^, added i ro P* ise to *- *™ -Wure over 60 minutes, and the resuttant mbcj Z 
Ai^rf^ulrt^fl i^r^^ h ^l^-i!^^*!!!^ mixture was diluted and washed with a sufficient amount of ethanol and then 
tS^ZTl^L^ 0 ?-^ *T * *• dryin & «"h»W powder A, was obtained. The ttania- 

S^ale^ 



32%. It was pale-blue. 
Second layer: silica coating 



45 



SO 



55 



wafhLS 2? -f^? * P0Wd6r Al *" add8d 100 ml * ethano1 10 dis P eree *• Particles. The container 

thT^ I 1 } ' If 9 J? 17,18 mucture w 36311 ^ to r«ct for 3 hours under storing. After the reaction 

c^l^ T ^ "! *"» a "** <* W and then fitted. The solkTmatter 

22 ™5S r 8 " dry6r 3t 18 °° C for 8 hours - After the dr ^8. silica-titania-coated powder Az was 
obtained. The silica-trtania-coated powder Ag obtained had excellent dispersibility. 



Third layer: titania coating 



S2L?h2S? * S " ,Ca .; t : te ™^° ated P 0 "*" *2 *as added 250 ml of ethanol to dfeperse the particles. The con- 

toZ^lnt, T J*f ^ temPera,Ure * the *** 81 58,(1 1T,6ret0 was addad 34 9 * 
dZSthl^L ! Sfcrf <f d - A SOlUtl0n by mbdns 30 ml 01 ethano1 with 3 4 9 of water was added 

drcpw.se to the above mixture over 60 minutes, and the resultant mixture was allowed to react for 2 hours. This reaction 
mixture was diluted and washed with a sufficient amount of ethanol and then dried with a vacuum dryer at 180°C for 8 
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hours. After the drying, titania-silica-coated powder A was obtained. The titania-silica-coated powder A obtained had 
satisfactory dispersibility and was composed of independent particles. This powder A had a spectral reflection curve 
having a peak wavelength of 448 nm and had a reflectance at the peak wavelength of 45%. It was blue. 
[0059] The refractive index and film thickness of each of the first to third layers are shown in Table 1 . 



Table 1 



Coating Layers 


Refractive Index 


Film Thickness (nm) 


First layer: titania film 


2.3 


50 


Second layer: silica film 


1.45 


99 


Third layer: titania film 


2.3 


49 



15 EXAMPLE 2 



Intended use: pigment powder 
First layer; titania coating 

20 • , " ; ' v 

[0060] A hundred grams of an acrylic powder (average particle diameter, 55 um; specific gravity, 1.5) was placed in 
a lowly vacuum rotary mixing vessel in which* a tungsten crucible containing a sufficient amount of a titania powder had 
been disposed beforehand in an upper part thereof. The crucible was heated to thereby vaporize the titania while stir- 
ring the acrylic powder. Thus, the powder in the rotary mixing vessel was coated with titania to obtain titania-coated 
25 powder B v The Mania-coated powder B 1 obtained had satisfactory dispersibility and was composed of independent 
particles. This powder B r had a spectral reflection curve having a peak wavelength of 545 nm and had a reflectance at 
the peak wavelength of 78%. it was pale-green. 

Second layer: magnesium fluoride coating 

30 

[0061] Eighty grams of the titania-coated powder B-, was likewise placed in a lowly vacuum rotary mixing vessel in 
which a tungsten crucible containing a sufficient amount of a magnesium fluoride powder had been disposed before- 
hand in an upper part thereof. The crucible was heated to thereby vaporize the magnesium fluoride while stirring the 
powder B 1 . Thus, the powder in the rotary mixing vessel was coated with magnesium fluoride to obtain magnesium flu- 
35 oride-trtania-coated powder B2. The magnesium fluoride-titania-coated powder Bg obtained had satisfactory dispersi- 
bility and was composed of independent particles. 



Third layer: titania coating 

40 [0062] A hundred grams of the magnesium ftuoride-titania-coated powder was placed in a lowly vacuum rotary 
mixing vessel in which a tungsten crucible containing a sufficient amount of a titania powder had been disposed before- 
hand in an upper part thereof. The crucible was heated to thereby vaporize the titania while stirring the powder B2. 
Thus, the powder in the rotary mixing vessel was coated with titania to obtain titania/magnesium fluoride-coated powder 
B. The titania/magnesium fluoride-coated powder B obtained had satisfactory dispersibility and was composed of inde- 

45 pendent particles. This powder C had a spectral reflection curve having a peak wavelength of 500 nm and had a reflect- 
ance at the peak wavelength of 88%. It was blue-green. 

[0063] The refractive index and f flm thickness of each of the first to third layers are shown in Table 2. 



Coating Layers 


Refractive Index 


Film Thickness (nm) 


First layer: titania film 


2.6 


52 


Second layer: magnesium fluoride film 


1.38 


101 


Third layer: titania film 


2.6 


48 
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EXAMPLE 3 

Intended use: powder for cosmetic material 

5 First layer: titania coating 

[0064] To 10 g of an acrylic powder (average particle diameter, 1 .5 jim; specific gravity, 1 .4) was added 250 ml of eth- 
anol to disperse the particles. The container was heated with an oil bath to keep the temperature of the liquid at 55°C. 
Thereto was added 3.5 g of titanium isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of eth- 

w anol with 3.5 g of water was added dropwise to the above mixture over 60 minutes, and the resultant mixture was 
allowed to react for 2 hours. This reaction mixture was diluted and washed with a sufficient amount of ethanol and then 
dried with a vacuum dryer at 180°C for 8 hours. After the drying, titania-coated powder C 1 was obtained. The titania- 
coated powder C t obtained had satisfactory dispersibility and was composed of independent particles. This powder 
had a spectral reflection curve having a peak wavelength of 455 nm and had a reflectance at the peak wavelength of 

15 32%. It was pale-blue. 

Second layer: polystyrene coating 

[0065] To 600 g of distilled water was added 100 g of styrene monomer. While this mixture was heated to 70°C under 
20 stirring, sodium lauryi sulfate was added thereto to emulsify the monomer. With this emulsion was mixed 25 g of the 
titania-coated powder 0,. The resultant mixture was agitated at a high speed to sufficiently mix the ingredients. An 
aqueous ammonium persutfate solution was added thereto in an amount of 10% to initiate a polymerization reaction. 
The mixture was allowed to react for 4 hours under stirring. After completion of the reaction, the reaction mixture was 
diluted with 2 liters of distilled water, and the supernatant was discarded by decarrtation to collect the precipitate. This 
25 precipitate was dried on a filter paper to obtain polystyrene-titania-coated powder C2. The polystyrene-titania-coated 
powder C 2 obtained had satisfactory, dispersibility and was composed of independent particles. 

Third layer: titania coating ; . V 

30 [0066] To 10 g of the polystyrene-titania-coated powder C2 was added 250 ml of ethanol to disperse the particles. The 
container was heated with an oil bath to keep the temperature of the liquid at 55°C. Thereto was added 3.4 g of titanium 
isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of ethanol with 3.4 g of water was added 
dropwise to the above mixture over 60 minutes, and the resultant mixture was allowed to react for 2 hours. This reaction 
mixture was diluted and washed with a sufficient amount of ethanol and then dried with a vacuum dryer at 180°C for 8 

35 hours. After the drying, trtania-polystyrene-coated powder C was obtained. The titania-polystyrene-coated powder C 
obtained had satisfactory dispersibility and was composed of independent particles. This powder C had a spectral 
reflection curve having a peak wavelength of 448 nm and had a reflectance at the peak wavelength of 45%. It was blue. 
[0067] The refractive index and film thickness of each of the first to third layers are shown in Table 3. 

40 

Tables 



Coating Layers 


Refractive Index 


Film Thickness (nm) 


First layer: titania film 


2.3 


50 


Second layer: polystyrene film 


1.5 


75 


Third layer: titania film 


2.3 


49 



EXAMPLE 4 

50 

Intended use: powder for cosmetic material 
First layer: titania coating 

55 [0068] To 10 g of an acrylic powder (average particle diameter, 1 .5 |am; specific gravity, 1 .4) was added 250 ml of eth- 
anol to disperse the particles. The container was heated with an oil bath to keep the temperature of the liquid at 55°C. 
Thereto was added 4.5 g of titanium isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of eth- 
anol with 4.5 g of water was added dropwise to the above mixture over 60 minutes, and the resultant mixture was 
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allowed to react for 2 hours. This reaction mixture was diluted and washed with a sufficient amount of ethanol and then 
dried with a vacuum dryer at 180°C for 8 hours. After the drying, titania-coated powder D t was obtained. The titania- 
coated powder D 1 obtained had satisfactory dispersibility and was composed of independent particles. This powder D-j 
had a spectral reflection curve having a peak wavelength of 545 nm and had a reflectance at the peak wavelength of 
$ 31%. It was green. 

Second layer: polystyrene coating 

[0069] To 600 g of distilled water was added 1 27 g of styrene monomer. While this mixture was heated to 70°C under 
w stirring, sodium lauryl sulfate was added thereto to emulsify the monomer. With this emulsion was mixed 25 g of the 
titania-coated powder D v The resultant mixture was agitated at a high speed to sufficiently mix the ingredients. An 
aqueous ammonium persulfate solution was added thereto in an amount of 10% to initiate a polymerization reaction. 
The mixture was allowed to react for 4 hours under stirring. After completion of the reaction, the reaction mixture was 
diluted with 2 liters of distilled water, and the supernatant was discarded by decantation to collect the precipitate. This 
is precipitate was dried on a filter paper to obtain polystyrene-titania-coated powder D 2 . The polystyrene-titania-coated 
powder D 2 obtained had satisfactory dispersibility and was composed of independent particles. 

Third layer: titania coating 

20 [0070] To 1 0 g of the polystyrene-titania-coated powder D 2 was added 250 ml of ethanol to disperse the particles. The 
container was heated with an oil bath to keep the temperature of the liquid at 55°C. Thereto was added 4.5 g of titanium 
isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of ethanol with 4.5 g of water was added 
dropwise to the above mixture over 60 minutes, and the resultant mixture was allowed to react for 2 hours. This reaction 
mixture was diluted and washed with a sufficient amount of ethanol and then dried with a vacuum dryer at 180°C for 8 

25 hours. After the drying, trtania-polystyrene-coated powder D 3 was obtained. The titania-polystyrene-coated powder D 3 
obtained had satisfactory dispersibility and was composed of independent particles. This powder D 3 had a spectral 
reflection curve having a peak wavelength of 544 nm and had a reflectance at the peak wavelength of 43%. It was 
green. 

30 > Fourth layer: polystyrene coating 

[0071 ] To 600 g of distilled water was added 1 27 g of styrene monomer. While this mixture was heated to 70°C under 
stirring, sodium lauryl sulfate was added thereto to emulsify the monomer. With this emulsion was mixed 25 g of the 
titania-polystyrene-coated powder D 3 . The resultant mixture was agitated at a high speed to sufficiently mix the ingre- 
ss dierrts. An aqueous ammonium persulfate solution was added thereto in an amount of 10% to initiate a polymerization 
reaction. The mixture was allowed to react for 4 hours under stirring. After completion of the reaction, the reaction mix- 
ture was diluted with 2 liters of distilled water, and the supernatant was discarded by decantation to collect the precipi- 
tate. This precipitate was dried on a filter paper to obtain polystyrene-titania-coated powder D 4 . The polystyrene-titania- 
coated powder D 4 obtained had satisfactory dispersibility and was composed of independent particles. 

40 

Fifth layer: titania coating 

[0072] To 1 0 g of the polystyrene-titania-coated powder D 4 was added 250 ml of ethanol to disperse the particles. The 
container was heated with an oil bath to keep the temperature of the liquid at 55°C. Thereto was added 4.5 g of titanium 

45 isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of ethanol with 4.5 g of water was added 
dropwise to the above mixture over 60 minutes, and the resultant mixture was allowed to react for 2 hours. This reaction 
mixture was diluted and washed with a sufficient amount of ethanol and then dried with a vacuum dryer at 180°C tor 8 
hours. After the drying, titania-polystyrene-coated powder D was obtained. The titania-polystyrene-coated powder D 
obtained had satisfactory dispersibility and was composed of independent particles. This powder D had a spectral 

so reflection curve having a peak wavelength of 552 nm and had a reflectance at the peak wavelength of 58% It was 
green. Ultraviolet light having wavelengths of 300 nm and smaller was absorbed by the titania films, and the reflectance 
in this region was 1% or lower. 

[0073] The refractive index and film thickness of each of the first to fifth layers are shown in Table 4. 

55 
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Table 4 



10 



Coating Layers 


Refractive Index 


Film Thickness (nm) 


First layer: titania film 


2.3 


59 


Second layer: polystyrene film 


1.5 


32 


Third layer: titania film 


2.3 


59 


Fourth layer: polystyrene film 


1.5 


93 . 


Fifth layer: titania film 


2.3 


60 



75 



20 



25 



35 



40 



EXAMPLE 5 

Intended use: powder for cosmetic material 
First layer: titania coating 

[0074] To 10 g of an acrylic powder (average particle diameter, 1 .5 \m\ specific gravity, 1 .4) was added 250 ml of eth- 
anof to disperse the particles. The container was heated with an oil bath to keep the temperature of the liquid at 55°C. 
Thereto was added 5.5 g of titanium isopropoxide. This mixture was stirred. A solution prepared by mixing 30 ml of eth- 
anol with 5.5 g of water was added dropwise to the above mixture over 60 minutes, and the resultant mixture was 
allowed to react for 2 hours. This reaction mixture was diluted and washed with a sufficient amount of ethanol and then 
dried with a vacuum dryer at 180°C for 8 hours. After the drying, titania-coated powder E-, was obtained. The titania- 
coated powder E t obtained had satisfactory dispersibility and was composed of independent particles. 

Second layer: silver metal coating 

[0075] Into a silver solution prepared beforehand was dispersed 20 g of the titania-coated powder E 1 under stirring. 
While the particles were kept dispersed by stirring, 600 ml of a reducing solution was added thereto. This mixture was 
stirred for 30 minutes. As a result, silver metal-titania-coated powder E 2 was obtained, which had satisfactory dispersi- 
bility. The above silver solution and reducing solution were prepared in the following manners. In preparing the silver 
solution, 8.75 g of silver nitrate was dissolved in 300 ml of distilled water. Since a precipitate of silver oxide generated, 
ammonia water (29%) was added until the precipitate changed into complex tons. Subsequently, a solution prepared 
beforehand by dissolving sodium hydroxide in 300 ml of distilled water was added. Since a precipitate of silver oxide 
generated again, ammonia water (29%) was added until the precipitate changed into complex ions. Thus, the silver 
solution was prepared. The reducing solution was prepared by dissolving 45 g of glucose in 1 liter of water, adding 4 g 
of tartaric acjd and dissolving the same, boiling the resultant solution for 5 minutes, cooling the solution, and then add- 
ing 100 ml of ethanol. 



Third layer: titania coating 



[0076] Into 250 ml of ethanol was dispersed 10 g of the silver metal-titania-coated powder E 2 . The container was 
45 heated with an oil bath to keep the temperature of the liquid at 55°C. Thereto was added 4.5 g of titanium isopropoxide. 
This mixture was stirred. A solution prepared by mixing 30 ml of ethanol with 5.5 g of water was added dropwise to the 
above mixture over 60 minutes, and the resultant mixture was allowed to react for 2 hours. This reaction mixture was 
diluted and washed with a sufficient amount of ethanol and then dried with a vacuum dryer at 180°C for 8 hours. After 
the drying, titania-silver metal-coated powder E was obtained. The titania-silver metal-coated powder E obtained had 
so satisfactory dispersibility and was composed of independent particles. This powder had a spectral reflection curve hav- 
ing a bottom wavelength of 585 nm, from which the reflectance increased toward both sides. The powder E had a max- 
imum reflectance of 45% and was purplish-red. In the infrared region, the reflectance increased throughout the range 
- from 780 to 910 nm due to reflection by the silver film, and the maximum reflectance was 60%. In the ultraviolet region, 
however, ultraviolet light having wavelengths of 300 nm and smaller was absorbed by the silver film and the titania films, 
55 and the reflectance in this region was not higher than 5%. 

[0077] The refractive index and film thickness of each of the first to third layers are shown in Table 5. 
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Tables 



Coating Layers 


Refractive Index 


Film Thickness (nm) 


First layer: titania film 


2.3 


64 


Second layer: silver metal film 


0.1 +3.5i 


20 


Third layer: titania film 


2.3 


64 



10 

EXAMPLE 6 



Intended use: powder for electrorheologicaJ fluid 

is First layer: silver metal coating film 

[0078] Into a silver solution prepared beforehand was dispersed, under stirring, 50 g of polyolefin particles (specific 
gravity, 2.2) having an average particle diameter of 5.6 nm. While the particles were kept dispersed by stirring. 600 ml 
of a reducing solution was added thereto. This mixture was stirred for 30 minutes. As a result a silver metal-coated oie- 

20 fin particles Ft were obtained, which had satisfactory dispersibilrty. The above silver solution and reducing solution were 
prepared in the following manners. In preparing the silver solution, 875 g of silver nitrate was dissolved in 300 ml of 
distilled water. Since a precipitate of silver oxide generated, ammonia water (concentration, 29%) was added until the 
precipitate changed into complex ions. Subsequently, a solution prepared beforehand by dissolving sodium hydroxide 
in 300 ml of distilled water was added. Since a precipitate of silver oxide generated again, ammonia water (29%) was 

25 added until the precipitate changed into complex ions. Thus, the silver solution was prepared. The reducing solution 
was prepared by dissolving 45 g of glucose in 1 liter of water, adding 4 g of tartaric acid and dissolving the same, boiling 
the resultant solution for 5 minutes, cooling the solution, and then adding 100 ml of ethanol. 

Second layer: polystyrene exiting film \ ., n 

[0079] To 600 g of distilled water was added 300 g of styrene monomer. While this mixture was heated to 70°C under 
stirring, sodium lauryl sulfate was added thereto to emulsify the monomer. With this emulsion was mixed 45 g of the 
silver metal-coated polyolefin powder F<, whose surface had been lipophilized with methacrytic acid. The resultant mix- 
ture was agitated at a high speed to sufficiently mix the ingredients. An aqueous ammonium persutfate solution was 
35 added thereto in an amount of 10% to initiate a polymerization reaction. The mixture was allowed to react for 4 hours 
under stirring. After completion of the reaction, the reaction mixture was diluted with 2 liters of distilled water, and the 
supernatant was discarded by decantation to collect the precipitate. This precipitate was dried on a filter paper to obtain 
polystyrene-silver-coated polyethylene powder F 2 . 

40 Third layer: titania coating film 

[0080] A solution prepared by mixing 250 ml of ethanol with 6 g of titanium isopropoxide was added to 10 g of the 
polystyrene-silver-coated polyolefin powder F 2 obtained again through heat treatment. This mixture was sufficiently 
stirred to disperse the particles. The resultant solution was heated to and maintained at 55°C with an oil bath. A solution 

as prepared by mixing 30 ml of ethanol with 8.0 g of water was added dropwise thereto over 60 minutes, and the resultant 
mixture was allowed to react for 3 hours and then subjected to vacuum drying and heat treatment to obtain titania-pol- 
ystyrene-silver-coated olefin powder F. The titania-polystyrene-silver-coated olefin powder F obtained had satisfactory 
dispersibility and was composed of independent particles. It was a powder of a bright color and was responsive to an 
electric field. This powder had a spectral reflection curve having a peak wavelength of 534 nm and had a reflectance at 

so the peak wavelength of 47%. It was bright-green. 



55 
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EXAMPLE 7 



Intended use: powder for electrorheological fluid 
s (Powder employing BaTiC^ film as high-refractive-index film (refractive index, about 2)) 
First layer: barium titanate film 



10 



15 



20 



[0081] Fifty grams of polystyrene particles (specific gravity, 1 .06) having an average particle diameter of 5.6 urn were 
dispersed into 1,000 ml of ethanol together with 27.5 g of barium ethoxide and 26.0 g of titanium ethoxide While the 
resultant solution was kept at 55«C together with the container under stirring, a solution prepared beforehand by mixing 
26.8 g of ammonia water having a pH of 10 with 1 18 g of ethanol was added thereto dropwise over t hour. This mixture 
was then allowed to react for 6 hours. 

[0082] After completion of the reaction, the reaction mixture was washed with a sufficient amount of ethanol with 
decantation, and the solid matter was taken out by filtration and then vacuum-dried at 180°C for 8 hours 
[0083] In the barium titanate-coated polystyrene powder obtained, the barium titanate coating film had a thickness 
of 75 nm and a refractive index of about 2. / * 

Second layer: silica film v r! ; _ 

■ • - ., ' 

[0084] To 50 g of the barium titanate-coat^ powder G t was added 1 .000 ml of ethanol to disperse the 

particles. Thereto were added 30 g of silicon ethpxide/40 g of ammonia water (29%), and 40 g of water This mixture 
was allowed to react for 6 hours under stirring. After completion of the reaction, the reaction mixture was washed with 
a sufficient amount of ethanol with decantation, and the solid matter was taken out by filtration and then vacuum-dried 
25 at 180°C for 8 hours. 

[0085] The silica film of the silica-barium titanate-coated polystyrene powder Gj> obtained had a thickness of 98 nm 
and a refractive index of about 1.5. 

Third layer: barium titanate film 

[0086] Fifty grams of the silica-barium titanate-coated polystyrene powder Gfe was dispersed into 1 ,000 ml of ethanol 
together with 27.5 g of barium ethoxide and 26.0 g of titanium ethoxide. While the resultant solution was kept at 55X 
together with the container under stirring, a solution prepared beforehand by mixing 26.8 g of ammonia water having a 
pH of 10 with 1 18 g of ethanol was added thereto dropwise over 1 hour. This mixture was then allowed to react for 6 
35 hours. 

[0087] After completion of the reaction, the reaction mixture was washed wrm a suffidem amourt of ethanol with 
decantation, and the solid matter was taken out by filtration and then vacuunvdried at 180°C for 8 hours 
[0088] The barium titanate coating film as the third layer of the barium titanate^oated polystyrene powder G obtained 
had a thickness of 77 nm and a refractive index of about 2. 

[0089] The powder G obtained had a reflection peak of 41% with respect to light having a wavelength of 550 nm and 
had agreen color. This three-layer-coated powder had a relative permittivity of 420. 

EXAMPLE 8 

45 Intended use: powder for electrorheological fluid 

(Powder employing BaTi0 3 film as high-refractive-index film (refmctrveirKjex, about2)) 
First layer: barium titanatefilm 

50 

[0090] Fifty grams of Shirasu balloons (average particle diameter, 10.2 nm; specific gravity, 1 .2) were dispersed into 
1 ,000 ml of ethanol together with 2.75 g of barium ethoxide and 2.6 g of titanium ethoxide. While the resultant solution 
was kept at 55°C together with the container under stirring, a solution prepared beforehand by mixing 2.7 g of ammonia 
water having a pH of 10 with 1 18 g of ethanol was added thereto dropwise over 1 hour. This mixture was then allowed 
55 to react for 6 hours. 

[0091] After completion of the reaction, the reaction mixture was washed with a sufficient amount of ethanol with 

decantation, and the solid matter was taken out by filtration and then heated at 350°C for 8 hours. 

[0092] In the barium titanate-coated Shirasu balloon powder obtained, the barium titanate coating film had a thick- 
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ness of 75 nm and a refractive index of about 2. 
Second layer: silica film 

5 [0093] To 50 g of the barium titanate-coated Shirasu balloon powder H 1 was added 1 .000 ml of ethanol to disperse 
the particles. Thereto were added 30 g of silicon ethoxide, 4 g of ammonia water (29%), and 4 g of water. This mixture 
was allowed to react for 6 hours under stirring. After completion of the reaction, the reaction mixture was washed with 
a sufficient amount of ethanol with decantation, and the solid matter was taken out by filtration and then heated at 
350°C for 8 hours. 

10 [0094] The silica film of the silica-barium titanate-coated polystyrene powder H 2 obtained had a thickness of 98 nm 
and a refractive index of about 1 .5. 

Third layer: barium titanate fflm 

15 [0095] Fifty grams of the silica-barium titanate-coated Shirasu balloon powder H 2 was dispersed into 1 ,000 ml of eth- 
anol together with 2.75 g of barium ethoxide and 2.6 g of titanium ethoxide. While the resultant solution was kept at 
55°C together with the container under stirring, a solution prepared beforehand by mixing 26.8 g of ammonia water hav- 
ing a pH of 10 with 1 18 g of ethanol was added thereto dropwise over 1 hour. This mixture was then allowed to react 
for 6 hours. 

20 [0096] After completion of the reaction, the reaction mixture was washed with a sufficient amount of ethanol with 
decantation, and the solid matter was taken out by f Btration and then heated at 350°C for 8 hours. 
[0097] Thus, powder H 3 was obtained comprising the Shirasu balloon powder H 2 and a barium titanate film with which 
the balloons were coated. 

[0098] This powder H 3 was subjected twice to the same procedure for coating with barium titanate as the above. As 
25 a result, a silica-barium titanate-coated Shirasu balloon powder H was obtained in which the barium titanate film as the 
third layer was composed of three layers. 

[0099] Hie barium titanate film as the third layer of the silica-barium titanate-coated Shirasu balloon powder H 
obtained had a thickness of 227 nm. The powder H obtained had a reflection peak of 40% with respect to light having 
a wavelength of 757 nm and had a green color. This three-layer-coated powder had a relative permittivity of 680. 

30 

INDUSTRIAL APPLICABILITY 

[0100] As described above, according to the present invention, a pigment powder retaining a stable cola tone even 
in long-term storage can be provided which comprises a lightweight base particle and is capable of being colored with- 

35 out using a dye or pigment and with which not only a pigment for monochromatic color inks, e.g., blue, green, or yellow 
inks, can be obtained by dispersing the pigment powder into a fluid, but also a filler for plastics/papers can be designed. 
[0101 ] A monochromatic colored powder, e.g., a blue, green, or yellow powder, can be designed for use as a material t 
for mascaras and eyebrow pencils. Since this powder for use as a material for cosmetics contains no dye or pigment it 
is free from the fading caused by the deficiency or denaturation of a dye or pigment and is capable of retaining a bright 

40 color over long, ft is also possible to design a powder of a multilayer structure which not only serves to color but func- 
tions to absorb electromagnetic radiation having harmful wavelengths, such as ultraviolet and infrared rays, and thus 
prevent the radiation to reach the shin, and which is for use as a material for, e.g., UV-cutting (sunscreen) creams or 
foundations. Furthermore, the powder of this invention for use in electrorheological fluids is lightweight and has satis- 
factory dispersibility. This powder can be made to have a combination of various functions by forming a multilayered 

45 coating film while selecting the material of each layer of the coating film. According to the combination of coating film 
layers, a powder having excellent electrorheological fluid properties is obtained. By regulating the refractive indexes of 
coating film layers, a colored powder is obtained. Since these powders each is composed of lightweight particles, they 
are highly suitable for use in ink-jet color ink printers, color displays, etc. 

[0102] Moreover, since the coating film of the powder of this invention for use in electrorheological fluids is a dense 
so and continuous film, the powder has a high degree of properties and is free from the drawback that the coating film 
peels off during use. 

Claims 

55 1 . A mutti layer-coated powder comprising a base particle having a specif ic gravity of 0. 1 to 10.5 and having thereon 
plural coating layers which are different from each other in refractive index. 

2. The multilayer-coated powder according to claim 1 , wherein at least one of the coating layers is an inorganic metal 
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compound layer. 

3. The multilayer-coated powder according to claim 2, wherein the inorganic metal compound layer is a metal oxide 
film layer. 

4. The multilayer-coated powder according to claim 1 , wherein at least one of the coating layers is a metal layer or an 
atloy layer. 

5. The muttilayer-coated powder according to claim 1 , wherein at least one of the coating layers is an organic layer. 

6. A pigment powder, comprising the multilayer-coated powder according to any one of claims 1 to 5. 

7. A material for a cosmetic, comprising the multilayer-coated powder according to any one of claims 1 to 5. 

8. A powder for an electrorheological fluid, comprising the multilayer-coated powder according to any one of claims 1 
to 5. 
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FIG. 2 




VISIBLE LIGHT REGION 780 
♦ INDICATES PEAK POSITION 
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DESCRIPTION 



MULTILAYER-COATED POWDER 



TECHNICAL FIELD 




The present invention relates to a multilayer- 
coated powder and a pigment, material for a cosmetic, 
and powder for use in an electrorheological fluid each 
comprising the multilayer-coated powder. More 
particularly, this invention relates to a pigment powder 
for use in a . color ink * and as a filler for 
plastics/papers; a material for color cosmetics which 
comprises a lightweight powder; and a powder for use in 
an electrorheological fluid having excellent voltage 
responsiveness which can rapidly and reversibly change 
its apparent viscosity by the action of applied voltage 
(on/off, voltage change), can change into even a gel 
state showing no flowability, and is thought to be used 
in applications, such as clutches, valves, dampers, 
brakes , shock absorbers , and ctuators . The present 
invention furthermore relates to a powder whose 
electrorheological properties are utilized and which is 
usable as marker particles for examining the flowing 
state of a fluid based on the properties of the powder, 



e.g., as a tracer for determining a flowing state by the 
laser Doppler method. 

BACKGROUND ART 

The present inventors previously invented a 
powder comprising a base particle of a metal or metal 
compound and having thereon a metal oxide film which has 
an even thickness from 0.01 to 20 \xm and in which the 
metal contained therein is different from the metal 
constituting the base particle in order to provide a 
powder which combines properties inherent only in the 
metal particle or metal compound particle with other 
properties so as to have- a combination of functions 
(Unexamined Published Japanese Patent Application No. 6- 
228604). The present inventors further improved the 
above powder and invented a powder comprising a base 
particle having not a single layer of a metal oxide but 
plural layers of a metal oxide film and a metal film 
alternatively (Unexamined Published Japanese Patent 
Application No. 7-90310) . 

For producing these powders ( it is necessary to 
form plural metal oxide films each having an even 
thickness over a base particle. Since it is difficult 
to deposit a metal oxide or a metal compound as a 
precursor therefrom an aqueous metal salt solution, the 
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present inventors developed a method which comprises 
dispersing the base particle into a metal alkoxide 
solution and hydrolyzing the metal alkoxide to thereby 
form a metal oxide film on the base particle. Due to 
this method, it has become possible to form a thin metal 
oxide film which is even in thickness and, in particular, 
the formation of a multilayered metal oxide film has 
become possible. 

Attempts were made to use these multilayer-coated 
powders as powders combining properties inherent only in 
given a base particle with other properties so as to 
have a combination of functions, mainly in applications, 
such as pigments, materials for cosmetics, and powders 
for use in eleetrorheological fluids . 

In connection with the powders for use in 
eleetrorheological fluids (ERF) , it is noted that an 
eleetrorheological fluid, which is called also an 
electroviscous fluid or electroresponsive fluid, is a 
functional fluid which usually is in a liquid state 
showing flowability but which, upon application of a 
high voltage, undergoes a considerable viscosity 
increase and can finally change into a gel state showing 
no flowability. 

Proposed so far as such fluids are a certain kind 
of polymer solution and suspensions of various particles . 
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However , the former fluid does not sufficiently perform 
functions of an electrorheological fluid because the 
viscosity increase thereof with increasing applied 
voltage is small. Investigations have hence been made 
mainly on the latter fluids of the particle dispersion 
type. This is because ERFs of the particle dispersion 
type show a relatively satisfactory viscosity increase 
with increasing applied voltage (Winslow effect) as 
compared with the polymer solution type. 

Incidentally, the particulate materials which 
have been known as particles to be dispersed into oily 
media to prepare electrorheological fluids include 
inorganic and organic substances, such as silica, ion- 
exchange resins, barium titanate, hydrous phenolic 
resins, crystalline zeolites, cellulose, starch, and 
soybean casein (Examined Japanese Patent Publication No. 
45-10048, Unexamined Published Japanese Patent 
Application No. 48-17806, Examined Japanese Patent 
Publication No. 58-32197, Unexamined Published Japanese 
Patent Applications Nos . 58-179259, 63-185812, and 4- 
89893, etc.) 

Furthermore, since inorganic substances have a 
high ERF effect and polymer particles have satisfactory 
dispersibility , it has been proposed to deposit fine 
particles of an inorganic substance on the surface of 



polymer particles to form an inorganic/organic composite 
two-layer structure to thereby give a powder for use in 
an electrorheological fluid (Gekkan Tribology, Aug. 1994 
issue, p. 24) . 

However, for use in inks, the powders comprising 
a metal or metal compound as a base have a problem that 
the powder particles are apt to precipitate in the 
liquid before use because of their large specific 
gravity and are difficult to disperse evenly. For use 
as a powder for inks, a filler for plastics, and the 
like, the powders should be colored. However, since use 
of a mechanochemical method results in pulverization of 
the pigment itself and, heric&v in a reduced pigment 
particle diameter and a ligifiter color, it is necessary 
to use a dye or the like to color the powders . There 
also is a problem that when the powders are used as a 
filler for plastics and subjected to kneading so as to 
be dispersed into a resin, then powder particles 
separate, from the shells formed by a mechanochemical 
method and this may result in a color change. 

With respect to materials for cosmetics, in 
particular, materials for emulsion-f orm cosmetics, there' 
is a problem that the powders are difficult to use. In 
the case of a powder obtained by depositing particles of 
titanium oxide or the like on the particle surfaces of, 
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for example/ a resin powder, there is a problem that 
powder particles separate from the surface coating 
shells during use to cause a color change. 

Furthermore, the inorganic/organic composite type 
powder for ERFs , among the prior art techniques 
described above, has the following problem because of 
its characteristic structure, which comprises polymer 
particles (cores) having satisfactory dispersibility and 
fine particles of an inorganic substance deposited on 
the surface of each polymer particle. Namely, in a 
powder obtained by depositing; fine particles of titanium 
oxide or the like on the surface of each resin powder 
particle, there are cases where powder particles 
covering the resin powder particles separate from the 
resin particles during operation. 

In order that particles for use in 
electrorheological fluids be used as a powder for color 
printer inks, color displays, or the like, the particles 
should be colored. However, none of the conventional 
electrorheological fluids has not been colored. If a 
colored electrorheological fluid is obtained, it can be 
used in printers, such as Hertz type printers (see C.H. 
Hertz et al . , Agui Takeshi et al . , "Real Color Hard 
Copy", Sangyo Tosho K.K. , published on Oct. 8, 1993, 
p. 56) . 
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Consequently, an object of the present invention 
is to eliminate these problems and provide: a pigment 
powder of a stable color tone which comprises a 
lightweight base particle and is capable of being 
colored without using a dye or pigment and with which 
not only a pigment for monochromatic color inks, e.g., 
blue, green, or yellow inks, can be obtained by 
dispersing the pigment powder into a fluid, but also a 
filler for plastics/papers can be designed; a material 
for color cosmetics which is a powder with which 
monochromatic colored powders, such as mascaras or 
eyebrow pencils , can be designed and which is capable of 
absorbing ultraviolet and .infrared rays harmful to the 
skin; and a lightweight powder which, when dispersed 
into a fluid, can give a material for an 
electrorheological fluid, in particular, a colored 
powder capable of giving a material for a colored fluid. 

DISCLOSURE OF THE INVENTION 

The present inventors made intensive studies. As 
a result, they have found that a powder colored in a 
stable tone, such as blue, green, or yellow, can be 
obtained without a dye or a pigment by forming a thin 
film comprising plural layers differing in refractive 
index on the surface of a powder to regulate the 



multilayered film with respect to ref lected-light 
interference waveform. The present invention has thus 
been completed. 

Specifically, the present invention can be 
achieved by the following means: 

(1) A multilayer-coated powder comprising a base 
particle having a specific gravity of 0.1 to 10.5 and 
having thereon plural coating layers which are different 
from each other in refractive index; 

(2) The multilayer-coated powder according to the 
above (1) , wherein at least one^of the coating layers is 
an inorganic metal compound layer; 

(3) The multilayer-coated powder according to the 
above (2) , wherein the inorganic metal compound layer is 
a metal oxide film layer; 

(4) The multilayer-coated powder according to the 
above (1) , wherein at least one of the coating layers is 
a metal layer or an alloy layer; 

(5) The multilayer-coated powder according to the 
above (1) , wherein at least one of the coating layers is 
an organic layer; 

(6) A pigment powder, comprising the multilayer- 
coated powder according to any one of the above (1) to 
(5) ; 
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(7) A material for a cosmetic, comprising the 
multilayer-coated powder according to any one of the 
above (1) to (5) ; and 

(8) A powder for an electrorheological fluid, 
comprising the multilayer-coated powder according to any 
one of the above (1) to (5) . 

In the present invention, the base particle 
having a specific gravity from 0.1 to 10.5, which 
constitutes the base of the multilayer-coated powder, is 
not particularly limited' and may be made of either an 
organic or an inorganic substance . The specific gravity 
of this base is preferably from 0.1 to 5.5, more 
preferably from 0.1 to 2.8, from the standpoints of 
flowability and suspensibility . If the base has a 
specific gravity below 0.1, the buoyancy of the base is 
so large that the film should be made to comprise a 
larger number of layers or to be exceedingly thick, 
which is uneconomical. On the other hand, if the base 
has a specific gravity exceeding 10.5, a thick film for 
suspending the base is necessary, which also is 
uneconomical. In addition, in the case of cosmetics and 
the like, such a powder having too large a particle 
diameter is unsuitable because it gives a sandy feeling. 

For use in a pigment powder or a powder as a 
material for cosmetics, the base is preferably an 
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bentonite, micas, such as synthetic micas and commonmica , 
kaolin, and the like. 

In the multilayer-coated powder of the present 
invention, the plural coating layers formed on each base 
particle having a specific gravity from 0.1 to 10.5 
should be different from each other in refractive index. 
The materials constituting these coating layers are 
desirably selected, suitably from inorganic metal 
compounds, metals, alloys, and organic substances . 

These coating layers each is formed as a dense 
and continuous film, whereby they can have excellent 
properties . 

Typical examples of the inorganic metal compounds 
which may constitute the coating layers include metal 
oxides. Specific examples thereof include the oxides of 
iron, nickel, chromium, titanium, aluminum, silicon, 
calcium, magnesium, and barium and composite oxides of 
these metals, such as barium titanate and lead titanate. 
Examples of the metal compounds other than metal oxides 
include metal fluorides, such as magnesium fluoride and 
calcium fluoride; metal nitricles, such as iron nitride; 
metal sulfides, such as zinc sulfide and cadmium 
sulfide; metal carbonates, such as calcium carbonate; 
metal phosphates , such as calcium phosphate ; and metal 
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generally in the range from 0.01 , [im to several 
millimeters . If the powder is to be used for coloring 
as a coloring material based on visible light 
interference, the particle diameter thereof is 
preferably regulated to 0.06 to 1,000 ^un. 

If the multilayer-coated powder is used in an 
electrorheological fluid, the liquid medium is not 
particularly limited as long as it is an insulating 
medium and is a. high -boiling substance which is liquid 
under use conditions and, has electrical insulating 
properties . Examples of commonly used liquid media 
include petroleum lubricants, transformer oils, silicone 
oils, dibutyl sebacate, chlorinated paraffins, 
brominated alkyls, alkyl esters of aromatic 
polycarboxylic acids, halophenyl alkyl ethers, and 
f luorochemical oils . 

The amount of the powder added to the insulating 
medium is from 10 to 50% by volume. If the addition 
amount thereof is smaller than 10% by volume, the 
resultant mixture shows too small a viscosity change 
with changing applied voltage and has insufficient 
electrorheological fluid properties . Amounts thereof 
exceeding 50% by volume are undesirable in that the 
resultant mixture has too high a viscosity in the 



- 14 - 




ordinary state where no voltage is applied, and shows a 
thixotropic behavior. 

The unit coating layers constituting the plural 
coating layers are preferably ones whose thicknesses 
have been determined so that these layers have 
interference reflection peaks or interference 
transmission bottoms at the same specific wavelength. 
More preferably, the thickness of each unit of the 
coating layer is determined by fixing a fundamental film 
thickness thereof which <satisjfi.es the following equation 
(1) : 

N x d = m x X/4 (1) 
(wherein N represents a complex refractive index., d 
represents the fundamental film thickness, m represents 
an integer (natural number) , and X represents the 
wavelength at which the interference reflection peak or 
interference transmission peak appears, and N is defined 
by the following equation (2) : 

N = n + iK (2) 
(wherein n represents the refractive index of each unit 
coating layer, i represents complex number, and K 
represents extinction coefficient) ) , and correcting the 
actual thickness of the each unit of the coating layers 
based on the function of the phase shift caused by the 
extinction . coefficient K of refractive index, the phase 
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If the powder of the present invention for use in 
an electrorheological fluid is produced by forming a 
multilayered film by an above-described method in such a 
manner that thin metal films are formed alternately, for 
example, on a base particle having a small specific 
gravity, the coated particles obtained are thought to 
have enhanced polarization like multilayer capacitors. 
Thus, particles having a small specific gravity and 
large polarization are obtained. 

Furthermore, since a ferroelectric can be used as 
an interference film for coloring, a powder having a 
small specific gravity and a high relative permittivity 
can be obtained by forming a multilayered film 
comprising a ferroelectric. In particular, when films 
of barium titanate (refractive index, 1.8-2.3) or PZT 
(refractive index, 1.7-2.0) are formed as high- 
refractive-index films to a color base particle based on 
visible light multiple interference with low-refractive- 
index films, then the coated particles are suitable for 
use as a powder for electrorheological color fluids . 

If the particles of the powder obtained are 
spherical, the particles orient instantaneously in an 
electric field without rotating. If the powder 

particles have shape anisotropy, the major axes orient 
parallel to the direction of the electric field. 
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In the above-described powder of the present 
invention, the multilayered coating has been united as a 
film with the surface of each particle. When the 
coating is an electrical conductor, it is susceptible to 
polarization to have positive and negative poles 
according to the direction of an electric field. If the 
core for this coating is an insulator, the coated 
particle is symmetrically polarized exactly like a 
capacitor. 

The powder of the present invention for use in an 

• ^ >>U,. ■ ■ • • • • 

electrorheological fluid '(ERF) is highly useful. When 

this powder is used to form an electrorheological fluid, 

the fluid can rapidly and reversibly change its apparent 

viscosity by the action of applied voltage (on/off, 

voltage change) and can change into even a gel state 

showing no flowability. Namely, an electrorheological 

fluid having excellent voltage responsiveness can be 

formed which is thought to be used in applications such 

as clutches, valves, dampers, brakes, shock absorbers, 

and actuators. Furthermore, the powder of this 

invention is usable as marker particles for examining 

the flowing state of a fluid, e.g., as a tracer for 

determining a flowing state by the laser Doppler method. 

The present invention will be explained below in 

more detail by reference to the drawings. Fig. 1 is a 
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coating films are regulated so that the reflection 
waveform peaks thereof are in exactly the same position 
as shown in Fig. 3, a monochromatic colored powder, e.g., 
a blue, green, or yellow powder, can be obtained without 
using a dye or pigment. 

However, in the case of an actual powder, a 
design should be made while taking account of the 
particle diameter and shape of the powder, the phase 
shift occurring at interfaces between film materials and 
the base particle material, the peak shift attributable 
to the wavelength dependence of refractive index, etc. 
For example, if the base particle has a plane parallel 
plate shape, the Fresnel interference caused by parallel 
films formed on a plane surface of the particle is 
designed under the conditions including the above 
equation (1) in which n has been replaced with N defined 
by the following equation (2) . In particular, if a 
metal film is contained, extinction coefficient K is 
included in the refractive index N of the metal defined 
by equation (2) even though the particle shape is a 
plane parallel plate shape. In the case of transparent 
oxides (dielectrics) , K is exceedingly small and 
negligible. 

N = n + iK (2) 
(i represents a complex number) 
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Coating Layers 


Refractive Index 


Film Thickness 
(nra) 


First layer: 
titania film 


2.3 


64 


Second layer: 
silver metal film 


0.1 + 3.5i 


20 


Third layer: 
titania film 


2.3 


64 



EXAMPLE 6 

Intended use: powder for electrorheological fluid 
First layer: silver metal coating film 

Into a silver . solutipn prepared beforehand was 
dispersed, under stirring, 50 g of polyolefin particles 
(specific gravity, 2.2) having an average particle 
diameter of 5.6 jam. While the particles were kept 
dispersed by stirring, 600, ml of a reducing solution was 
added thereto. This mixture was stirred for 30 minutes. 
As a result, a silver metal-coated olefin particles F x 
were obtained, which had satisfactory dispersibility . 
The above silver solution and reducing solution were 
prepared in the following manners. In preparing the 
silver solution, 8 .75 g of silver nitrate was dissolved 
in 300 ml of distilled water. Since a precipitate of 
silver oxide generated, ammonia water (concentration, 
29%) was added until the precipitate changed into 
complex ions. Subsequently, a solution prepared 
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beforehand by dissolving sodium hydroxide in 300 ml of 
distilled water was added. Since a precipitate of 
silver oxide generated again, ammonia water (29%) was 
added until the precipitate changed into complex ions. 
Thus, the silver solution was prepared. The reducing 
solution was prepared by dissolving 45 g of glucose in 1 
liter of water, adding 4 g of tartaric acid and 
dissolving the same, boiling the resultant solution for 
5 minutes, cooling the solution, and then adding 100 ml 
of ethanol . 

Second layer: polystyrene coating film 

To 600 g of distilled water was added 300 g of 
styrene monomer. While this mixture was heated to 70°C 
under stirring, sodium lauryl sulfate was added thereto 
to emulsify the monomer. With this emulsion was mixed 
45 g of the silver metal -coated polyolefin powder F x 
whose surface had been lipophilized with methacrylic 
acid. The resultant mixture was agitated at a high 
speed to sufficiently mix the ingredients. An aqueous 
ammonium persulf ate solution was added thereto in an 
amount of 10% to initiate a polymerization reaction. 
The mixture was allowed to react for 4 hours under 
stirring. After completion of the reaction, the 
reaction mixture was diluted with 2 liters of distilled 
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water, and the supernatant was discarded by decantation 
to collect the precipitate. This precipitate was dried 
on a filter paper to obtain polystyrene-silver-coated 
polyethylene powder F 2 . 

Third layer: titania coating film 

A solution prepared by mixing 250 ml of ethanol 
with 6 g of titanium isopropoxide was added to 10 g of 
the polystyrene-silver-coated polyolefin powder F 2 
obtained again through heat treatment. This mixture was 
sufficiently stirred to disperse the particles. The 
resultant solution was heated to and maintained at 55°C 
with an oil bath. A solution prepared by mixing 30 ml 
of ethanol with 8.0 g of water was added dropwise 
thereto over 60 minutes, and the resultant mixture was 
allowed to react for 3 hours and then subjected to 
vacuum drying and heat treatment to obtain titania- 
polystyrene- silver-coated olefin powder F. The titania- 
polystyrene-silver-coated olefin powder F obtained had 
satisfactory dispersibility and was composed of 
independent particles. It was a powder of a bright 
color and was responsive to an electric field. This 
powder had a spectral reflection curve having a peak 
wavelength of 534 nm and had a reflectance at the peak 
wavelength of 47%. It was bright-green. 
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EXAMPLE 7 

Intended use: powder for electrorheological fluid 
(Powder employing BaTi0 3 film as high-refractive-index 
film (refractive index, about 2)) 
First layer: barium titanate film 

Fifty grams of polystyrene particles (specific 
gravity, 1.06) having an average particle diameter of 
5.6 \Mi were dispersed into 1,000 ml of ethanol together 
with 27.5 g of barium ethoxide and 26.0 g of titanium 
ethoxide. While the resultant solution was kept at 55°C 
together with the container under stirring, a solution 
prepared beforehand by mixing 26.8 g of ammonia water 
having a pH of 10 with 118 g of ethanol was added 
thereto dropwise over 1 hour. This mixture was then 
allowed to react for 6 hours. 

After completion of the reaction, the reaction 
-mixture was washed with a sufficient amount of ethanol 
with decantation, and the solid matter was taken out by 
filtration and then vacuum-dried at 180°C for 8 hours. 

In the barium titanate-coated polystyrene powder 
G 1 obtained, the barium titanate coating film had a 
thickness of 75 nm and a refractive index of about 2. 
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Second layer: silica film 

To 50 g of the barium titanate-coated polystyrene 
powder G 1 was added 1,000 ml of ethanol to disperse the 
particles. Thereto were added 30 g of silicon ethoxide, 
40 g of ammonia water (29%), and 40 g of water. This 
mixture was allowed to react for 6 hours under stirring. 
After completion of the reaction, the reaction mixture 
was washed with a sufficient amount of ethanol with 
decantation, and the solid matter was taken out by 
filtration and then vacuum-dried at 180°C for 8 hours. 

The silica film of the silica -barium titanate- 
coated polystyrene powder,' 5 G 2 obtained had a thickness of 
98 nm and a refractive index of about 1.5. 

Third layer: barium tit ana te film 

Fifty grams of the silica-barium titanate-coated 
polystyrene powder G 2 was dispersed into 1,000 ml of 
ethanol together with 27.5 g of barium ethoxide and 26.0 
g of 4 titanium ethoxide. While the resultant solution 
was kept at 55°C together with the container under 
stirring, a solution prepared beforehand by mixing 26.8 
g of ammonia water having a pH of 10 with 118 g of 
ethanol was added thereto dropwise over 1 hour. This 
mixture was then allowed to react for 6 hours. 
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After completion of the reaction, the reaction 
mixture was washed with a sufficient amount of ethanol 
with decantation, and the solid matter was taken out by 
filtration and then vacuum-dried at 180°C for 8 hours. 

The barium titanate coating film as the third 
layer of the barium titanate-coated polystyrene powder G 
obtained had a thickness of 77 nm and a refractive index 
of about 2 . 

The powder G obtained had a reflection peak of 
41% with respect to light having a wavelength of 550 nm 
and had a green color. This three-layer-coated powder 
had a relative permittivity: of 420. 

EXAMPLE 8 

Intended use: powder for electrorheological fluid 
(Powder employing BaTiQ 3 film as high-refractive- index 
film (refractive index, about 2)) 
First layer: barium titanate film 

Fifty grams of Shirasu balloons (average particle 
diameter, 10.2 am; specific gravity, 1.2) were dispersed 
into 1,000 ml of ethanol together with 2.75 g of barium 
ethoxide and 2.6 g of titanium ethoxide. While the 
resultant solution was kept at 55°C together with the 
container under stirring, a solution prepared beforehand 
by mixing 2.7 g of ammonia water having a pH of 10 with 
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118 g of ethanol was added thereto dropwise over 1 hour; 
This mixture was then allowed to react for 6 hours. 

After completion of the reaction, the reaction 
mixture was washed with a sufficient amount of ethanol 
with decantation, and the solid matter was taken out by- 
filtration and then heated at 350°C for 8 hours. 

In the barium titanate-coated Shirasu balloon 
powder E 1 obtained, the barium titanate coating film had 
a thickness of 75 run and a refractive index of about 2. 

Second layer: silica film 

To 50 g of the barium titanate-coated Shirasu 
balloon powder E x was added 1,000 ml of ethanol to 
disperse the particles. Thereto were added 30 g of 
silicon ethoxide, 4 g of ammonia water (29%) , and 4 g of 
water. This mixture was allowed to react for 6 hours 
under stirring. After completion of the reaction, the 
reaction mixture was washed with a sufficient amount of 
ethanol with decantation, and the solid matter was taken 
out by filtration and then heated at 350°C for 8 hours . 

The silica film of the silica-barium titanate- 
coated polystyrene powder H 2 obtained had a thickness of 
98 nm and a refractive index of about 1.5. 
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Third layer: barium titanate film 

Fifty grams of the silica-barium titanate-coated 
Shirasu balloon powder H 2 was dispersed into If, 000 ml of 
ethanol together with 2.75 g of barium ethoxide and 2.6 
g of titanium ethoxide. While the resultant solution 
was kept at 55°C together with the container under 
stirring, a solution prepared beforehand by mixing 26.8 
g of ammonia water having a pH of .10 with 118 g of 
ethanol was added thereto dropwise over 1 hour. This 
mixture was then allowed to react for 6 hours. 

After completion of the reaction, the reaction 
mixture was washed with a sufficient amount of ethanol 
with decantation, and the solid matter was taken out by 
filtration and then heated at 350°C for 8 hours. 

Thus, powder H 3 was obtained comprising the 
Shirasu balloon powder H 2 and a barium titanate film 
with which the balloons were coated. 

This powder H 3 was subjected twice to the same 
procedure for coating with barium titanate as the above. 
As a result, a silica-barium titanate-coated Shirasu 
balloon powder H was obtained in which the barium 
titanate film as the third layer was composed of three 
layers . 

The barium titanate film as the, third layer of 
the silica-barium titanate-coated Shirasu balloon powder 
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H obtained had a thickness of 227 nm. The powder H 
obtained had a reflection peak of 40% with respect to 
light having a wavelength of 757 nm and had a green 
color. This three-layer-coated powder had a relative 
permittivity of 680. 

INDUSTRIAL APPLICABILITY 

As described above, according to the present 
invention, a pigment powder retaining a stable color 
tone even in long-term storage can be provided which 
comprises a lightweight base particle and is capable of 
being colored without using a dye or pigment and with 
which not only a pigment for monochromatic color inks, 
e.g., blue, green, or yellow inks , can be obtained by 
dispersing the pigment powder into a fluid, but also a 
filler for plastics/papers, can be designed. 

A monochromatic colored powder, e.g., a blue, 
green, or yellow powder, can be designed for use as a 
material for mascaras and eyebrow pencils. Since this 
powder for use as a material for cosmetics contains no 
dye or pigment, it is free from the fading caused by the 
deficiency or denaturation of a dye or pigment and is 
capable of retaining a bright color over long. It is 
also possible to design a powder of a multilayer 
structure which not only serves to color but functions 
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to absorb electromagnetic radiation having harmful 
wavelengths, such as ultraviolet and infrared rays, and 
thus prevent the radiation to reach the shin, and which 
is for use as a material for, e.g., UV-cutting 
(sunscreen) creams or foundations. Furthermore, the 
powder of this invention for use in electrorheological 
fluids is lightweight and has satisfactory 
dispersibility . This powder can be made to have a 
combination of various functions by forming a 
multilayered coating film while selecting the material 
of each layer of the coating film. According to the 
combination of coating film layers, a powder having, 
excellent electrorheological fluid properties is 
obtained. By regulating the refractive indexes of 
coating film layers, a colored powder is obtained. 
Since these powders each is composed of lightweight 
particles, they are highly suitable for use in ink- jet 
color ink printers, color displays, etc. 

Moreover, since the coating film of the powder of 
this invention for use in electrorheological fluids is a 
dense and continuous film, the powder has a high degree 
of properties and is free from the drawback that the 
coating film peels off during use. 
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1. A multilayer-coated powder comprising a base 
particle having a specific gravity of 0.1 to 10.5 and 
having thereon plural coating layers which are different 
from each other in refractive index. 

2. The multilayer-coated powder according to 
claim 1, wherein at least one of the coating layers is 
an inorganic metal compound layer. 

3. The multilayer-coated powder according to 
claim 2, wherein the inorganic metal compound layer is a 
metal oxide film layer. 

4. The multilayer-coated powder according : to 
claim 1, wherein at least one of the coating layers is a 
metal layer or an alloy layer. 

5. The multilayer-coated powder according, to 
claim 1, wherein at least one of the coating layers is 
an organic layer. 

6. A pigment powder, comprising the multilayer- 
coated powder according to any one of claims 1 to 5. 
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7. A material for a cosmetic, comprising the 
multilayer-coated powder according to any one. of claims 
1 to 5. 

8. A powder for an electrorheological fluid, 
comprising the multilayer-coated powder according to any 
one of claims 1 to 5. 
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